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Microbial Evolution of Cryosphere and Biosecurity Concerns
Abstract
The unique and extreme ecological environment of cryosphere acts as a gigantic reservoir of
microorganisms, which preserves precious records of the diversity and evolutionary history of ancient
microbes. Climate change and human activities have made significant impacts on the ecological system.
Global warming causes melting of the cryosphere that remained frozen for thousands of years and
releases microorganisms, some of them are recovered to life and constitute a potential threat to the
ecological environment and human health. It is urgent to combine multidisciplinary research forces to
investigate the microbial ecology of cryosphere, analyze the microbe pathogenesis and transmission
mechanisms, as well as evaluate the biosecurity risks caused by the reboot of dormant microorganisms.
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Abstract: The unique and extreme eco-environment of cryosphere acts as a gigantic reservoir of microorganisms,
which preserves precious records of the diversity and evolutionary history of ancient microorganisms. Climate
change and human activities have made significant impacts on the ecosystem. Global warming causes melting of
the cryosphere that remained frozen for thousands of years and releases microorganisms, some of which are recovered and pose a potential threat to the eco-environment and human health. It is urgent to combine multidisciplinary
research forces to investigate the microbial ecology of cryosphere, analyze the pathogenesis and transmission
mechanisms of microorganisms, as well as evaluate the biosecurity risks caused by the reboot of dormant microorganisms. DOI: 10.16418/j.issn.1000-3045.20210407005-en
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Microorganisms account for an important part of the
Earth’s biosphere. Although invisible to naked eyes, microorganisms are influenced by eco-environment and human
activities, and they react on ecological processes and human
health. Diverse microorganisms participate in the cycling of
materials in ecosystems, maintain the healthy homeostasis of
humans, animals, and plants, and play a role in agriculture
and industry. Microorganisms can be found almost everywhere including mountains, rivers, lakes, seas, air, and soil.
In particular, they are among the few, if not the only, forms of
life that can survive in extreme environments on the surface
and in the interior of the Earth. Microorganisms in cryosphere
are representative of those in extreme environments.
Cryosphere refers to the frozen sphere on the Earth’s surface with continuous distribution and certain thickness. It
mainly exists in the polar and alpine regions, consisting of
glaciers, ice caps, snow cover, river ice, lake ice, sea ice, and
permafrost [1]. Cryosphere is cold, anoxic, and dark, rarely
disturbed by human activities. This unique and extreme environment harbors rich microbial resources, some of which
can survive for millions of years [2]. Cryosphere in fact constitutes a vast reservoir of microorganisms and keeps a valuable record of the diversity and evolutionary history of
ancient microorganisms [3]. Meanwhile, cryosphere is directly
or indirectly related to its downstream eco-environment and
human activities. With the change of eco-environment and
the expansion of human activities, microorganisms in cryosphere and their relationships with human are evolving.
The impact of climate change on microorganisms and the

feedback mechanisms of microorganisms have received increasing attention in recent years. Of particular note is the
increasing adverse effect of pathogenic microorganisms on
humans. The increased risks of vector-borne infectious diseases, marine organism infection, crop infection, and antibiotic-resistant microorganisms are all correlated with climate
change and human activities [4]. In the context of global
warming, cryosphere is melting and shrinking at an accelerated rate, and the microorganisms frozen in it are being released. Some microorganisms have adapted to new
environment and revived [5], and their impact on the contemporary biosphere warrants evaluation. In this paper, we
analyze the effects of the release and revival of dormant
microorganisms on eco-environment and human health from
the perspectives of diversity and biosecurity of microorganisms in cryosphere, and provide suggestions for the risk
control.

1

Microbial diversity in cryosphere

The cell density in cryosphere is estimated to be 10–108
cells·mL−1 and the total cells can be 1025–1028 based on research on snow cover, sea ice, glaciers, and permafrost [6].
With the advancement of sequencing technology and bioinformatics and the expansion of survey, the complex microbial
communities in cryosphere are being systematically revealed.
Cryosphere is substantially affected by climate change.
Microorganisms, as participants in the degradation of nutrients

______________________________________

Received: 2021-05-06
Supported by: Emergency Project of National Key R&D Program of Ministry of Science and Technology; Key Deployment Project of
Chinese Academy of Sciences (KJZD-SW-L11); Outstanding Member Project of Youth Innovation Promotion Association of Chinese
Academy of Sciences (Y201921); Strategic Priority Research Program of Chinese Academy of Sciences (XDB29010000)

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

1

and cycling of carbon and nitrogen in ecosystems, are critical
to the dynamics of global biodiversity. The melting of glaciers and permafrost caused by climate change has altered the
eco-environment of cryosphere, and consequently the composition, number, distribution, and physiological status of
local animals and plants, which directly or indirectly affect
the number, composition, and ecological functions of microbial communities in cryosphere. In turn, changes in microbial communities influence eco-environment and further
ecological evolution. The melting of glaciers and permafrost
releases microorganisms from their original habitats. The
proliferation and metabolic activities of revived microorganisms can impact the microbial diversity and ecological
function in the surrounding and downstream ecosystems [7].

1.1

Bacteria, fungi, and archaea

Studies of typical cryospheric environments in the Arctic
and alpine regions have confirmed the diversity of microorganisms in cryosphere. The biomass of microorganisms in
glaciars was estimated to be 102–104 cells·mL−1 [8]. For example, abundant bacteria and fungi were detected in the ice
and meltwater at the base of glaciers in the Arctic archipelago
Svalbard [9]. The bacteria were dominated by Actinobacteria
and Proteobacteria and included 13 genera such as Flavobacterium, Cryobacterium, and Hymenobacter. The fungi
were dominated by Basidiomycetes, and 30 species (19
genera) of filamentous fungi and 11 species (10 genera) of
yeasts were isolated, with significant differences in microbial
composition among sampling locations. In the Batura glacier
of Karakorum Mountains, 14 genera of fungi including
Penicillium, Cladosporium, and Geomyces were isolated
from ice [10]. Analysis of a 50-m ice core from the Guliya Ice
Cap in the northwest of Qinghai-Tibet Plateau revealed 254
bacterial genera [11], and 118 species were classified to 32
known genera including Janthinobacterium, Polaromonas,
and Flavobacterium. Microbial composition varies according
to the depth of ice layer, indicating environmental variations
in different periods.
Permafrost is an important habitat for microorganisms and
preserves ancient microogranisms of different ages. The cell
density in permafrost can reach 105–108 cells·mL−1 [6]. For
example, the discontinuous permafrost in Stordalen Mire in
northern Sweden is considered to be a model Arctic peatland
ecosystem. Metagenomic sequencing revealed 1 529 genomes in the permafrost samples from Stordalen Mire, including 1 434 bacterial genomes and 95 archaeal genomes,
suggesting the presence of microbial taxa spanning 30
phyla [12].

1.2

Viruses

Abundant viral resources have been found in multiple
cryosphere environments. For example, a large number of
DNA and RNA viruses were detected in Lake Limnopolar
(Antarctica) [13,14], most of which had genomic features different from known viruses. Numerous bacteriophages, algal

viruses, and giant viruses infecting amoebae were detected in
Antarctic soil. Virus composition varied considerably across
the sampling sites, including 38 families, with the hosts
ranging from bacteria, archaea, unicellular eukaryotes, insects, vertebrates to plants [15]. A large number of DNA viruses were found in the Stordalen Mire in northern Sweden,
and 1 907 viral genomes were identified, of which 1 106 were
also detected in metatranscriptome, suggesting that many
viruses were active and only 17% could be classified based
on the current taxonomy [16]. The virus density was 108 viruses·mL−1 in permafrost samples collected in Utqiagvik,
Alaska, US, and 105 viruses·mL−1 in nearby sea ice samples,
in which 476 virus populations were identified and only 12%
could be classified into known taxa [17]. Rich viruses were
also found in cryosphere at high altitudes. Thirty-three virus
species were identified in ice core samples from different
depths in Guliya Ice Cap (approximately 520–15 000 years
old) in the Qinghai-Tibet Plateau, of which 4 species were
known and the remaining 29 were novel [11]. The discovery of
the numerous novel viruses demonstrates the unique value of
cryosphere in ecological resource diversity.
Viruses regulate microbial community structure and cycling of elements through the “virus–host” infection relationship. Some viruses have unusual strategies and genes to
regulate their replication and maintain long-term relationship
with hosts. For example, genes of lysogenic phages are present in bacteria in the form of a satellite phage plasmid. Some
phages encode a CRISPR/Cas system, an adaptive immune
system, to enhance their competitiveness by conferring immunity to their hosts against other phages [18]. The extreme
environmental conditions of cryosphere maintain simple food
chains. Abundant and diverse viruses regulate the size of
microbial community and drive microbial evolution by lysing
host cells, mediating gene transfer, and participating in host
metabolism, thus affecting the release and recycling of carbon and nutrients in the ecosystem.

2
Biosecurity
microorganisms

risk

of

cryosphere

Under freezing conditions, microorganisms are dormant or
maintain a low metabolic level that inhibits gene mutation but
facilitates gene repair and thus preservation of microorganisms. Meanwhile, biomolecules such as gene remnants released by apoptosis of ancient microorganisms are preserved
due to inhibited degradative enzyme activity. Due to the
melting of glaciers and permafrost or the expansion of human
activities, the microorganisms or gene remnants frozen in
cryosphere are released from their original habitats and directly or indirectly associate with the surrounding and
downstream natural environments. One study estimated that
1017–1021 microbial cells were released from frozen environments each year [19] and confirmed that dormant microorganisms could revive after millions of years [20]. When the
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revived ancient microorganisms enter the Earth’s biosphere,
the pathogens and antibiotic resistance genes will pose a
potential threat to human health.

2.1

Pathogenic bacteria and fungi

Pathogenic microorganisms have been isolated from several cryospheric environments, including Cryptococcus
(conditional pathogens that infect immunodeficient populations) [21], Aureobasidium pullulans (a conditional pathogen
adapted to multiple extreme environments) [22,23], and Pleosporales and Helotiales (plant pathogens) [24]. Additionally,
researchers have isolated pathogenic microorganisms from
ice cores and permafrost with the history of hundreds or even
tens of thousands of years (Table 1). These pathogens include
Aureobasidium, Cryptococcus, and Candida albicans, and
they sustain vitality in extremely cold and nutrient-deficient
environments with unique mechanisms.
Revived pathogenic microorganisms can raise biosecurity
concerns through infection and gene transfer, affecting humans, animals, and plants. The anthrax outbreak in Russia,
2016 was probably caused by the release of Bacillus anthracis from a 70-year-old reindeer carcass in melting permafrost
and infection of humans through reindeers and cattle [3].
Pathogens previously buried in frozen environment can
spread with melting snow and ice to humans through water
and animals [28], thus posing a risk to human health. Pathogenic genes in ancient microorganisms can enter the current
biosphere through horizontal gene transfer.

2.2

Viruses

Cryosphere harbors ancient viruses, and the freezing
temperature allows most ancient viruses to retain their integrity and diversity, which poses a serious biosecurity risk to
humans. DNA and RNA viruses have been extracted from
Siberian permafrost, subarctic ice patch, and Greenland ice
with the history of hundreds and even tens of thousands of
Table 1

Table 2

years (Table 2). The genome structure and replication cycle
of some ancient viruses share similarities with the viruses
infectious to humans and animals [29]. The discovery of ancient viruses and the ability of revived viruses to infect hosts
indicate a severe biosecurity risk with the shrinking of cryosphere [29,30]. The accelerated melting and shrinking of
global cryosphere and increasingly intensive industrial exploitation in extremely cold zones can release frozen microbial resources, thus opening the “Pandora’s box” and
activating the pathogens causing pandemics in history. These
ancient pathogens may pose a severer threat to the modern
organisms which are unacquainted with them and trigger
pandemics.
The evolution of viruses in cryosphere and their correlations with epidemics remain to be studied, and several potential mechanisms of viral infection have been proposed.
Influenza viruses have been identified in Siberian lake ice [34],
which suggests that such bird-borne RNA viruses can be
preserved in high-latitude ice or water. The freezing/thawing
of ice and snow (storage/release of viruses) and introduction
of viruses by migrating birds both contribute to the dynamic
changes and transfer of viral genes in cryosphere. Two viruses were detected in frozen reindeer feces from a subarctic
ice patch [33]. The viruses entered the gastrointestinal tract of
reindeer feeding on plants or insects. With the protection by
capsid, the viruses replicated in the intestine and were excreted in the feces, where they remained infectious. Under
freezing conditions, capsid can protect the viruses from
degradation over hundreds of years. These studies revealed
the stability of ancient viruses in long-term preservation, as
well as the mechanisms of virus preservation and transmission mediated by animal intestines. Further analysis of the
evolutionary mechanism of the viruses entering the contemporary biosphere from the original cryospheric environments and their interactions with hosts will aid in the
evaluation on the biosecurity risk of ancient viruses.

Ancient pathogens in cryospheric ecosystems

Ancient viruses in cryospheric ecosystems
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2.3

Antibiotic resistance genes

Antibiotic resistance genes represent a major threat to
cryosphere biosecurity. Antibiotic resistance, especially the
multidrug-resistant bacteria, has threatened the global public
health. Antibiotic resistance was attributed to antibiotic
abuse. However, researchers have identified a large number
of bacteria and genomes carrying antibiotic resistance genes
in cryosphere. These resistance genes were associated with
more than 50 antibiotics and detected in most cryospheric
environments globally [5]. Many resistance genes were
comparable to the genes in the current pathogenic bacteria,
which indicates that antibiotic resistance has long existed and
developed globally prior to the use of antibiotics by
humans [35,36].
The resistance genes in cryosphere may be released with
the melting of snow and ice, spread with bacterial proliferation, and acquired by microorganisms outside the cryosphere
through horizontal gene transfer. The melting of cryosphere
in history might lead to extensive horizontal gene transfer [37]
and has affected the evolution of microorganisms. The microorganisms in cryosphere constitute a reservoir of antibiotic resistance genes, which can affect the evolution of
antibiotic-resistant bacteria through gene transfer [38]. For
example, revived non-pathogenic bacteria carrying antibiotic
resistance genes may acquire pathogenic genes from the
environment, or transfer antibiotic resistance genes to other
microorganisms. Some microorganisms in cryosphere fail to
adapt to new environment and decompose, the antibiotic
resistance genes in which may be transferred to microorganisms in the surrounding environment. Migratory birds and
airborne bacteria can mediate the spread of these resistance
genes [39].

3

Countermeasures and suggestions

biosecurity strategic resources.

3.2 Conducting general investigation of viruses in
cryosphere and establishing monitoring and warning mechanisms
The components of cryosphere, such as glaciers and permafrost, preserve virus samples of different ages. The
changes in the composition and diversity of viruses in cryosphere can be analyzed by metagenomic tools and virus
isolation and identification. The results can reflect the evolution of virosphere in extreme environments and in the
context of climate change, and reveal the characteristics of
viruses in different historical periods and their spatiotemporal relationships with the prevalence of infectious
diseases.
As the country with the most developed cryosphere at low
and middle latitudes, China has rich glacier, permafrost, and
snow cover resources in a wide range. The Qinghai-Tibet
Plateau is known as the “third pole” because of its unique
geographical characteristics of deep inland location, low
latitude, and high altitude [40], demonstrating a remarkable
ecological value. It is necessary to focus on microbial diversity in the Qinghai-Tibet Plateau and conduct a general investigation of viruses. In addition, viral diversity and
morphology should be included in the investigation of specific habitats possibly containing ancient viruses, such as
glaciers and permafrost as well as dehydrated plant remains
and animal carcasses buried there. The viruses that may be
released into the environment should be notified in advance,
and the relationship between ancient viruses and infectious
disease prevalence should be analyzed retrospectively. On
this basis, a long-term monitoring network should be established for species, fluxes, and ecological impacts of viruses
released by melting cryosphere. An early warning mechanism should be established by integrating long-term monitoring data and modeling.

3.1 Establishing a strategic reserve of cryospheric
microorganisms

3.3 Studying pathogenic microorganisms in cryosphere from a multidisciplinary perspective

The cryosphere is a reservoir of microbial resources,
harboring rich novel prokaryotic and eukaryotic microorganisms and viruses. Some microorganisms have special
functions such as adaptability to extreme environments, antimicrobial activity, biocatalysis, and biosynthesis. These
genetic resources can be applied to the research and development of biotechnologies as well as the biochemical and
biopharmaceutical industries. We suggest to construct a microbial reserve based on full investigation of microbial diversity in cryosphere. In view of the presence of pathogenic
and antibiotic-resistant ancient microorganisms, cryosphere
is closely correlated to biosecurity management and is valuable for the study of infectious disease transmission and
evolution mechanism of antibiotic resistance genes. We
recommend to establish a reserve of microbial samples and a
database of genomes and incorporate them into national

The presence of pathogenic microorganisms, viruses, and
antibiotic resistance genes in cryosphere poses a potential
biosecurity risk. The relationships of these risk factors with
eco-environment and human health remain to be deeply
studied. To fully assess the biosecurity risk of these microorganisms, it is necessary to combine the methods of the
research on genomics, pathogenesis, and virus–host interaction, and perform prospective studies of ancient microorganisms in special habitats. The human health and disease
management involve multiple disciplinary studies at different
spatio-temporal scales, which require a multidisciplinary
research framework that integrates pathogenesis, pathogens,
and mechanisms of pathogen transmission. The knowledge of
pathogenesis, epidemiology, ecology, sociology, and anthropology and the analysis methods used in big data should
be adopted for the comprehensive study of pathogenesis,
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transmission mechanism, and potential biosecurity risk of
pathogenic bacteria, fungi, and viruses.

References
1 Qin D H, Yao T D, Ding Y J, et al. Establishment and significance of the
scientific system of cryospheric science. Bulletin of Chinese Academy of
Sciences, 2020, 35 (4): 394–406 (in Chinese).
2 Charlier P, Claverie J M, Sansonetti P, et al. Re-emerging infectious diseases from the past: Hysteria or real risk?. European Journal of Internal
Medicine, 2017, 44: 28–30.
3 Houwenhuyse S, Macke E, Reyserhove L, et al. Back to the future in a petri
dish: Origin and impact of resurrected microbes in natural populations.
Evolutionary Applications, 2018, 11 (1): 29–41.
4 Cavicchioli R, Ripple W, Timmis K, et al. Scientists’ warning to humanity:
Microorganisms and climate change. Nature Reviews Microbiology, 2019,
17 (9): 569–586.
5 Sajjad W, Rafiq M, Din G, et al. Resurrection of inactive microbes and
resistome present in the natural frozen world: Reality or myth?. Science of
the Total Environment, 2020, 735: 139275.
6 Boetius A, Aneesio A M, Deming J W, et al. Microbial ecology of the
cryosphere: Sea ice and glacial habitats. Nature Reviews Microbiology,
2015, 13 (11): 677–690.
7 Cameron K A, Müller O, Stibal M, et al. Glacial microbiota are hydrologically connected and temporally variable. Environmental Microbiology, 2020, 22 (8): 3172–3187.
8 Miteva V. Psychrophiles: From Biodiversity to Biotechnology. Berlin,
Heidelberg: Springer, 2008: 31–50.
9 Perini L, Gostinčar C, Gunde-Cimerman N. Fungal and bacterial diversity
of Svalbard subglacial ice. Scientific Reports, 2019, 9 (1): 20230.
10 Hassan N, Hasan F, Nadeem S, et al. Community analysis and characterization of fungi from Batura glacier, Karakoram mountain range, Pakistan. Applied Ecology and Environmental Research, 2018, 16 (5):
5323–5341.
11 Zhong Z P, Solonenko N E, Li Y F, et al. Glacier ice archives fifteen-thousand-year-old
viruses.
bioRxiv,
2020,
doi:
10.1101/2020.01.03.894675.
12 Woodcroft B J, Singleton C M, Boyd J A, et al. Genomecentric view of
carbon processing in thawing permafrost. Nature, 2018, 560: 49–54.
13 Cavicchioli R, Erdmann S. The discovery of Antarctic RNA viruses: A
new game changer. Molecular Ecology, 2015, 24 (19): 4809–4811.
14 López-Bueno A, Rastrojo A, PeiróR, et al. Ecological connectivity shapes
quasispecies structure of RNA viruses in an Antarctic lake. Molecular
Ecology, 2015, 24 (19): 4812–4825
15 Adriaenssens E M, Kramer R, van Goethem M W, et al. Environmental
drivers of viral community composition in Antarctic soils identified by
viromics. Microbiome, 2017, 5 (1): 83.
16 Emerson J B, Roux S, Brum J R, et al. Host-linked soil viral ecology
along a permafrost thaw gradient. Nature Microbiology, 2018, 3 (8):
870–880.
17 Zhong Z P, Rapp J Z, Wainaina J M, et al. Viral ecogenomics of arctic
cryopeg brine and sea ice. mSystems, 2020, 16, 5 (3): e00246–20.
18 Bellas C M, Anesio A M, Barker G. Analysis of virus genomes from
glacial environments reveals novel virus groups with unusual host interactions. Frontiers in Microbiology, 2015, 6: 656.
19 Rogers S O, Starmer W T, Castello J D. Recycling of pathogenic microbes
through survival in ice. Medical Hypotheses, 2004, 63 (5): 773–777.
20 Barras C. Zombie creatures that have been resurrected after millions of
years can help us understand the very nature of life. New Scientist, 2017,
234: 34–37.

21 Turchetti B, Selbmann L, Blanchette R, et al. Cryptococcus
vaughanmartiniae sp. nov and Cryptococcus onoforri sp. nov: Two new
species isolated from worldwide cold environments. Extremophiles, 2015,
19: 149–159.
22 BabičM N, ZupančičJ, Gunde-Cimerman N, et al. Ecology of the human
opportunistic black yeast Exophiala dermatitidis indicates preference for
human-made habitats. Mycopathologia, 2018, 183 (1): 201–212.
23 Gostinčar G, Grube M, Gunde-Cimerman N. Evolution of fungal pathogens in domestic environments. Fungal Biology, 2011, 115 (10):
1008–1018.
24 Edwards A, Douglas B, Anesio A M, et al. A distinctive fungal community inhabiting cryoconite holes on glaciers in Svalbard. Fungal Ecology,
2013, 6 (2): 168–176.
25 Knowlton C, Veerapaneni R, D’Elia T, et al. Microbial analyses of ancient
ice core sections from Greenland and Antarctica. Biology, 2013, 2 (1):
206–232.
26 Brad T, Itcus C, Pascu M, et al. Fungi in perennial ice from Scărișoara Ice
Cave (Romania). Scientific Reports, 2018, 8: 10096.
27 Kochkina G, Ivanushkina N, Ozerskaya S, et al. Ancient fungi in Antarctic permafrost environments. FEMS Microbiology Ecology, 2012, 82
(2): 501–509.
28 Goodwin K, Loso M, Braun M. Glacial transport of human waste and
survival of fecal bacteria on mt. mckinley’s kahiltna glacier, Denali National Park, Alaska. Arctic, Antarctic, and Alpine Research, 2012, 44 (4):
432–445.
29 Legendre M, Bartoli J, Shmakova L, et al. Thirty-thousand-year-old
distant relative of giant icosahedral DNA viruses with a pandoravirus
morphology. PNAS, 2014, 111 (11): 4274–4279.
30 Legendre M, Lartigue A, Bertaux L, et al. In-depth study of Mollivirus
sibericum, a new 30 000-y-old giant virus infecting Acanthamoeba.
PNAS, 2015, 112 (38): 5327–5335.
31 Biagini P, Theves C, Balaresque P, et al. Variola virus in a 300-year-old
Siberian mummy. The New England Journal of Medicine. 2012, 367:
2057–2059.
32 Castello J D, Rogers S O, Starmer W T, et al. Detection of tomato mosaic
Tobamovirus RNA in ancient glacial ice. Polar Biology, 1999, 22 (3):
207–212.
33 Ng T F F, Chen L F, Zhou Y C, et al. Preservation of viral genomes in
700-year-old caribou feces from a subarctic ice patch. PNAS, 2014, 111
(47): 16842–16847.
34 Zhang G, Shoham D, Gilichinsky D, et al. Evidence of influenza a virus
RNA in Siberian lake ice. Journal of Virology, 2006, 80 (24):
12229–12235.
35 Petrova M, Kurakov A, Shcherbatova N, et al. Genetic structure and
biological properties of the first ancient multiresistance plasmid pKLH80
isolated from a permafrost bacterium. Microbiology, 2014, 160 (10):
2253–2263.
36 Perron G G, Whyte L, Turnbaugh P J, et al. Functional characterization of
bacteria isolated from ancient arctic soil exposes diverse resistance
mechanisms to modern antibiotics. PLoS One, 2015, 10 (3): e0069533.
37 Bidle K, Lee S, Marchant D, et al. Fossil genes and microbes in the oldest
ice on Earth. PNAS, 2007, 104 (33): 13455–13460.
38 Bhullar K, Waglechner N, Pawlowski A, et al. Antibiotic resistance is
prevalent in an isolated cave microbiome. PLo SOne, 2012, 7 (4): e34953.
39 Segawa T, Takeuchi N, Rivera A, et al. Distribution of antibiotic resistance genes in glacier environments. Environmental Microbiology
Reports, 2013, 5 (1): 127–134.
40 Yao T D, Chen F H, Cui P, et al. From Tibetan Plateau to third pole and
pan-third pole. Bulletin of Chinese Academy of Sciences, 2017, 32 (9):
924–931 (in Chinese).
(Translated by ZHAO B)

XU Jingyang Senior Engineer at Institute of Microbiology, Chinese Academy of Sciences (CAS). Dr.
Xu has studied and conducted research at Tsinghua Univerity, Tokyo Institute of Technology, and
Massechusetts Institute of Technology in the field of industrial microbial technologies. She has published more than 10 SCI indexed papers in PNAS, Nature Metabolism, etc. E-mail: xujingyang@im.ac.cn

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

5

SHI Yi corresponding author, Principal Investigator and Professor at Institute of Microbiology,
Chinese Academy of Sciences (CAS), Deputy Director for CAS Key Laboratory of Pathogenic Microbiology and Immunology (CASPMI). He is also the Secretary General of the Biological and
Medical Sciences Committee of the Chinese Association of Young Scientists and Technologists,
Director General of Youth Innovation Promotion Association of CAS. Dr. Shi mainly focuses on the
molecular mechanism of pathogen infection and regulation by the host, and the interaction between
receptors and ligands during immune response. He has been supported by the National Science and
Technology Major Project (as Chief Scientist), the Excellent Young Scientists Fund of National
Natural Science Foundation of China, the Strategic Priority Research Program of CAS, and Youth
Innovation Promotion Association of CAS (excellent member). He has made remarkable contributions to research on the infection mechanism of several major human pathogens including influenza
virus, Ebola virus, ZIKV, arenavirus, and coronaviruses. More than 100 SCI indexed papers have
been published in international academic journals, including more than 20 of them, as first or corresponding authors (including co-first or corresponding), published in Cell, Nature, Science, etc.
E-mail: shiyi@im.ac.cn

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

6

